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BACKGROUND

Precise measurements of the angular power spectrum of the Cosmic
Microwave Background (CMB) anisotropy will revolutionize cosmology. These
measurements will discriminate between competing cosmological models and, if
the standard inflationary scenario is correct, will determine each of the fundamental
cosmological parameters with high precision. The astrophysics community has
recognized this potential: the orbital experiments MAP and PLANCK, have been
approved to measure CMB anisotropy. Balloon-borne experiments can realize
much of this potential before these missions are launched. Additionally, properly
designed balloon-borne experiments can complement MAP in frequency and
angular resolution and can give the first realistic test of the instrumentation

proposed for the high frequency instrument on PLANCK.

The MAXIMA experiment is part of the MAXIMA/BOOMERANG
collaboration which is doing balloon observations of the angular power spectrum of
the Cosmic Microwave Background from £ =10 to £ = 800. These experiments are
designed to use the benefits of both North American and Antarctic long-duration
ballooning to full advantage. We have developed several new technologies that
together allow the power spectrum to be measured with unprecedented
combination of angular resolution, beam throw, sensitivity, sky coverage and
control of systematic effects. These technologies are the basis for the high frequency
instrument for the PLANCK mission. Our measurements will strongly
discriminate between models of the origin and evolution of structure in the
universe and, for many models, will determine the value of the basic cosmological

parameters to high precision.



The MAXIMA gondola being prepared primarily at Berkeley is optimized for
conventional northern hemisphere ballooning. It uses 100 mK spider bolometers in
a focal plane with 16 high efficiency single-color 11 arcmin pixels. The primary
mirror will scan 4 degrees peak-to-peak at 0.5 Hz while the gondola makes a raster
scan of >2000 pixels with sensitivity extending to £ ~ 800. The first science flight
(MAXIMA-1) will take place from Palestine, TX, in summer 1998 when a very low

dust region of the sky is accessible.

PROGRESS DURING 7/1/90-1/31/97

Much valuable information was obtained by analyzing the results of an
engineering flight (MAXIMA-0) in FY95. New systems tested on that flight include
the telescope, gondola, attitude control system, telemetry, spider bolometers,
primary mirror modulation, scan strategy, etc. Most of these systems performed
remarkably well. One significant difficulty was encountered with the new attitude
control system. Pendulum motion of the gondola large enough to complicate
scientific data analysis was observed. Subsequent ground tests with second
generation attitude control software showed that the damping of this motion was
inadequate for good performance on either MAXIMA or BOOMERANG. Passive

pendulation dampers were designed for use on both gondolas.

Most of the MAXIMA activity for the grant period has been preparation for
the first science flight which can be summarized as follows:
e The new MAXIMA gondola was refurbished and prepared for flight.
e Testing and analysis was done on the attitude control system to improve its
performance.
¢ A new three-axis magnetometer was fabricated and installed.

* Cryostat tests were completed.



o 3He and ADR refrigerators were installed.

o Fabrication of detector assemblies was completed (including feedhorns, filters
and bolometer supports).

¢ Bolometers were furnished by the Caltech group for preliminary tests.

e Low temperature JFET amplifiers were fabricated and installed.

¢ Cryostat wiring was installed.

e Ambient temperature AC bias electronics was fabricated in collaboration with the
Caltech group and tested.

e Cooled secondary and tertiary mirrors were tested and installed.

e Ambient temperature detector amplifiers were interfaced to the telemetry
system.

o Cryostat supports were fabricated and the cryostat was installed in the gondola.

PLANS FOR 1997-98

The MAXIMA /BOOMERANG collaboration has been approved for another
cycle of NASA funding (NAG5-4454). During the next year, intensive effort will be
devoted to final flight preparations and flights of MAXIMA and BOOMERANG to

obtain large high quality data sets.

Work on MAXIMA will focus on bolometer testing and production of a
second generation of detectors, reducing the infrared background on the bolometers
and on improving the optical coupling of the bolometers. The entire telescope
system will be extensively tested and improvements made to insure reliability.
Early in 1998 the focus will shift to preparations for the MAXIMA-1 science flight.

A sky region with very low dust emission and facilities for the required evening
launch will be available in June from Palestine, Texas. Observations are planned for

a region between 15 and 30 degrees from the North celestial pole. Scans at two



elevation angles will be used to obtain cross linked maps of more than 10,000 pixels.
If the system performs satisfactorily and the gondola is not damaged, a second flight

is planned for August 1998.

This experimental program will produce an unprecedented amount of data.
We anticipate a data set of ~10,000 independent pixels, larger than that for the
COBE/DMR. Plans are being made and collaborations arranged to carry out the
massive data analysis task. This grant will primarily support hardware

development and balloon operations.
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